Twelve pregnant, multiparous sows were assigned during gestation to three dietary treatments in a 3 × 3 Latin square design to evaluate the effect of increasing levels of crude fiber (CF): a conventional diet low in CF (L, 15.8 MJ DE/kg of DM, 3.3% CF), a diet with a medium level of CF (M, 14.4 MJ DE/kg of DM, 10.6% CF), and a high-fiber diet (H, 12.9 MJ DE/kg of DM, 18.1% CF). The daily feed supply was adjusted to provide the same 33.4 MJ of daily digestible energy (2.4, 2.7, and 3.0 kg/d for diets L, M, and H, respectively). Over the day, a shorter time standing was spent when sows received the H diet (291 min/d) compared with the L (363 min/d) and M diets (324 min/d). Duration of feeding was longer with the high-fiber diet. Mastication represented the main part of the feeding activity in sows fed the H diet (56%) and was reduced with the M and L diets (40% and 25%, respectively). Feeding rate increased when fiber level decreased (67, 120, and 152 g/min for the H, M, and L diets, respectively). Feeding the fibrous diet reduced the incidence of nonfeeding oral behaviors. These results show that high-fiber diets can reduce apparent feeding motivation of pregnant sows and, thus, improve the welfare of sows subjected to feed restriction.
Introduction
In practice, feeding allowance is generally restricted in pregnant sows in order to limit excessive weight gain and fat deposition, whereas they are given ad libitum access to feed during lactation (Noblet et al., 1990) . During pregnancy, feed allowance has a major effect on sows' behavior. The usual feeding level represents only 50 to 60% of voluntary feed intake, inducing a sustained feeding motivation after the meal. Previous studies have shown how the inability to express this feeding motivation resulted in the development of stereotyped behavior (Rushen, 1984; Lawrence and Terlouw, 1993) . Investigations have been carried out to reduce hunger and improve welfare by using higher feeding levels or providing high-fiber diets to sows housed indoors (Robert et al., 1993; Brouns et al., 1994) or outdoors (Martin and Edwards, 1994) . These studies indicated potential beneficial effects of such techniques on the satiety level and demonstrated a reduced occurrence of stereotypies. Most of the results obtained with sows housed in stalls concerned young sows and differed in type and level of fiber. The aim of this study was to evaluate in multiparous, pregnant sows penned in stalls the effects of diets containing various fibrous components, each supplying the same daily DE.
Materials and Methods
Two successive experiments were conducted. In the first experiment, the DE and ME content of the three experimental diets were measured with growing pigs and adult sows. These diets were then used in the second experiment to evaluate their effects on pregnant sows on the basis of the same daily DE supply.
Experiment 1
Animals and Experimental Diets. The DE content of the three experimental diets was determined with six Large White nonlactating sows (202 ± 4.9 kg BW; mean ± SD) and 15 Pietrain × Large White castrated males (54 ± .5 kg BW). The experimental diets were formulated to provide increasing levels of crude fiber: 33, 106, or 181 g/kg of DM in the low ( L) , medium ( M) , and high ( H) diets, respectively. The L diet was based on wheat, barley, and soybean meal. In the M and H diets, the wheat and soybean meal fraction was progressively replaced by a mixture of fiber-rich feedstuffs of different types (Table 1) . During the digestibility trial, each sow received 2.4 kg/d of two to three diets consecutively; each diet was evaluated with four sows. Growing pigs were fed 2.2 kg/d of one diet only. The diets were supplied as pellets twice daily. Water was available for ad libitum consumption. Each diet was given for 21 d, including 11 d for adaptation to the feed and 10 d in metabolism cages for total collection of feces and urine to measure the DE, ME, and digestible nutrient content of the diets.
Measurements. During each balance trial, a catheter was inserted into the bladder of sows for the 10 d of the collection. Urine was completely collected daily under hydrochloric acid, pooled and weighed at the end of the period, and sampled for analysis. Feces were collected daily, pooled, and, at the end of the period, weighed, mixed, subsampled, and freeze-dried for analysis. Feed and feces were analyzed for DM, ash, CP, and Weende crude fiber according to AOAC (1990) . The GE content was measured with an adiabatic bomb calorimeter. Cell wall fractions (NDF, ADF, and ADL) were determined according to Van Soest et al. (1991) with previous amylolytic treatment. Nitrogen in urine was determined with fresh samples. The energy content of urine was obtained after freeze drying approximately 50 mL in polyethylene bags. The water absorption by pellets was measured as the amount of water absorbed by 50 g of pellets at a temperature of 45°C for 30 min. Water absorption was expressed in grams of water per gram of pellet. Apparent digestibility coefficients of energy and of the different chemical fractions were calculated according to routine procedure .
Statistical Analysis. The model included the effect of the diet, the physiological stage (nonlactating sows or growing pigs), and the diet × physiological stage interaction. Statistical analyses were computed using the SAS GLM procedure (SAS, 1990) .
Experiment 2
Animals and Experimental Procedure. Two replicates of six multiparous Large White sows were used in the behavioral experiment. Parity number of sows was 5 ± .5, and the mean live weight of the sows was 240 ± 6 kg at insemination. Three weeks after mating, the sows were moved to the experimental pens and housed individually in stalls (.60 × 1.90 m ) with a concrete floor and a wood shaving litter in the dunging area. Pens were cleaned daily in the morning at 1000, and fresh litter was supplied. Water was available for ad libitum consumption from a bottle calibrated for the measurement of daily water intake. Artificial lighting was provided from 0800 to 2000 and ambient temperature was kept at 18 ± 2°C. After 1 wk for adaptation to the experimental room, each sow was fed the experimental diets during three successive 3-wk periods according to a 3 × 3 Latin square design. The diet was fed as pellets in a single meal given at 1000. On the basis of the results of the sow digestibility study, the daily feed supply was calculated to provide 33.4 MJ/d of DE (2.4, 2.7, and 3.0 kg/d for the L, M, and H diets, respectively). To maintain a fixed bulk of dietary substrate and the same energy supply for the three experimental diets, wood shaving litter, which has low prehensile value and a high lignin level indigestible for pigs, was used for bedding (Chabeauti et al., 1991) .
Measurements. Water and feed consumption were recorded daily throughout the experiment. At the beginning and at the end of each experimental period, sows were weighed and backfat thickness was measured at the back and neck levels using ultrasonic equipment (Sonolayer SAL-32B, Toshiba, Tokyo, Japan). The posture of the sows was recorded at 1-min intervals using infrared barriers located at the back of the stall. Data were stored on a microcomputer. Interruption of an infrared beam was considered to be a physical activity, standing or sitting, of the animal.
Behavioral recordings were carried out by an observer between 0900 and 1500 on d 3 of wk 2 and 3 Activity not described above of each period using the scan-sampling method (Altmann, 1974) . The behavior was scored at 2-min intervals during the hour following the delivery of the ration (1000 to 1100, h 0 ) and at 5-min intervals during the other periods (0900 to 1000, h −1; 1100 to 1200, h 1; 1200 to 1300, h 2; 1300 to 1400, h 3; and 1400 to 1500, h 4). The posture (standing, sitting, lying) and the following mutually exclusive behavioral variables were recorded for each sow: feeding, drinking, nonfeeding oral activities (Vieuille-Thomas et al., 1995) , and other activities ( Table 2 ). The nonfeeding oral activities are classically referred to as stereotyped activities (Dantzer, 1986; Lawrence and Terlouw, 1993) . During behavioral recordings, the time spent by each sow to consume the ration was measured, and the eating rate was calculated. On d 5 of wk 2 and 3 of each period, eating rate was also determined in a feeding test during which the amount of feed consumed over a 10-min period was measured.
Statistical Analysis.
Values obtained with the infrared barriers corresponded to the percentage of time by minute when sows were standing. Data were averaged over 15-min periods.
The frequency of different activities performed by each sow was determined on an hourly basis and was expressed as a percentage of the total number of scans per hour.
Data were analyzed using the GLM procedure of SAS (1990) with the model for the Latin square design. Sources of variation in the full model included treatment, period, and animal. For data with repeated measurements, the effect of week of measurement was also included and the week × animal interaction was used as the error term to test the effect of treatment. The week effect was not significant for any behaviors, and the values presented correspond to the average values of the 2-wk measurements. Means were separated by F-protected LSD.
Results

Experiment 1
Addition of fibrous ingredients to the diet linearly reduced its DE and ME content for sows and growing pigs. The decrease was more marked in growing pigs than in adult sows. The DE content of the H diet was 25% less than that of the L diet in growing pigs, whereas in sows it was only 18% less (Table 3 ). The adult sows showed a greater capacity than growing pigs to digest fibrous diets; the difference in DE content compared with growing pigs was .3, .7, and 1.2 MJ/kg of DM for the L, M, and H diets, respectively.
Experiment 2
The analysis of the standing activity recorded with the infrared barriers showed a diurnal rhythm with two main activity periods (Figure 1 ). Whatever the experimental diet, the standing frequency peaked in the morning and started at 0700, synchronous with light and human activity in the experimental building. During that period, animals spent more than 60% of their time standing, the highest value being at 1000 when they were fed. The amount of time sows were standing was significantly reduced at 1200 and was less than 30% of the observation time. A second period of standing activity was recorded later, between 1300 and 2000, but the values remained below 50%. A significant effect of the diet was observed during these two periods of activity. The sows exhibited a lower frequency of standing posture when fed the H diet compared to the L diet ( P < .05). The value obtained with the M diet was intermediate and did not differ from the two other diets ( P > .05). Over the whole day, sows fed the H diet spent less time standing (291 ± 110 min/d, means ± SD) than sows fed the M diet (324 ± 140 min/d; P = .001) or the L diet (363 ± 145 min/d). However, the variation among animals was considerable; the duration of standing posture ranged from 140 to 505 min/d. Figure 1. Standing frequency in multiparous sows according to the level of fiber in the diet (means values of the three 21-d periods). + = effect of feed (P < .05). a SE = Standard error.
The analysis of the time-budget during the hour following feed delivery ( h 0 ) showed a significant effect of fiber level on feeding and nonfeeding oral activities (Table 4 ), but not on drinking and lying frequency. The time devoted to feeding activity, including prehension and mastication, increased linearly with the level of fiber in the diet (29.3, 42.3, and 76.6 for the L, M and H diets, respectively; P = .001). The frequency of prehension and mastication was significantly higher when sows were fed the H diet compared with the L and M diets. The mastication of feed represented most of the feeding activity of sows fed high-fiber diets (25, 40, and 56% of the total feeding activity in sows fed L, M, and H diets, respectively; P = .001). During h 0, the frequency of total nonfeeding oral activities, including mainly selfdirected behaviors, was significantly decreased as the fiber level increased. The frequency of total oral activities (feeding + nonfeeding + drinking) during h 0 was not affected by the diet ( P = .292). Over the whole period of behavioral recordings, the highest percentage (> 55%) of time spent in nonfeeding oral activities was around the meal ( h −1, h 0). Increasing the fibrous components in the diet significantly affected the frequency of nonfeeding oral activities at three hourly periods: before and after the meal and 3 h after feed distribution. In all cases, time spent in nonfeeding oral activities was shorter with the H diet than with the L diet ( P < .001; Table 5 ). Before the feed distribution, the frequency of total oral activities of sows fed the M and H diets remained lower than that of sows fed the L diet (83, 70, and 62% for the L, M and H diets, respectively; P = .016). The frequency of oral activities was positively correlated with the frequency of standing (Figure 2 ; R 2 = .83; P = .001). Stage of pregnancy did not affect the frequency of oral nonfeeding activities ( P > .10).
The mean total feeding time was twofold and threefold higher for the H diet than for the M and L diets, respectively ( P = .001; Table 6 ). Increasing fiber level in the diet significantly decreased the feeding rate during the meal by 21 and 56% for M and H diets, respectively; the value for the L diet was 152 g/min. Compared to the feeding rate measured during the meal, the feeding rate during the 10-min feeding test was higher by 21, 18, and 25% for the L, M, and H diets, respectively.
Daily water intake was not significantly affected by the experimental diets (Table 6 ). Values ranged from 9 to 17 L/d, with a high variation, especially for sows fed the L or M diets. Table 5 . Effect of the level of fiber in the diet on the occurrence of nonfeeding oral activities in multiparous, pregnant sows a a The nonfeeding oral activities included the self-directed and environmentally directed behaviors; they were recorded during 6 h around the feed distribution. The activity is expressed as the frequency over the hourly period. Averaged adjusted values for the three 21-d periods.
b h −1, 0900−1000; h 0, 1000−1100, meal given at 1000; h 1, 1100−1200; h 2, 1200−1300; h 3, 1300−1400; h 4, 1400−1500.
c Fiber level in diet: low, L; medium, M; high, H. d SE = Standard error.
x,y,z Diet effects; means with the same superscript within a row are not different ( P < .05). Sows gained significantly more weight over the 21-d period when the fiber level increased (Table 7) . There was no significant effect of pregnancy stage on body weight gain. Also, backfat thickness was not affected by the experimental diet.
Discussion
In agreement with , the digestibility coefficient of energy in diets decreased linearly when the NDF content increased. In addition, sows showed a higher capacity to digest fibrous diets than growing pigs . This could explain why, when DE supply is calculated based on tabulated values obtained in growing pigs, increasing the fiber content of the diet resulted in higher weight and backfat gain (Matte et al., 1994) , in connection with the higher DE value of high-fiber diets for sows.
The behavioral study pointed out a nyctohemeral rhythm in standing activity. The first peak of activity can be related to feed distribution and to environmental parameters, such as light and human activity, as reported by Dourmad (1993) in lactating sows given Figure 2 . Average frequency of nonfeeding oral activities in multiparous sows according to the frequency of standing activity observed over 1 h before the meal and 4 h after the meal.
ad libitum access to feed. Investigations with individually confined sows fed once a day did not show a second period of activity in the afternoon (Cariolet and Dantzer, 1984; Rushen, 1985; Terlouw et al., 1991; Spoolder et al., 1995) . This discrepancy could be explained by the previous experience of the sows in our study; they were fed twice a day during the previous parities.
The diet highest in fiber ( H ) reduced standing activity by approximately 70 min/d (25%), compared with the L diet, in agreement with the results obtained by Robert et al. (1993) on second-parity sows. estimated that the heat production related to standing activity amounted to 14.9 kJ·min −1 ·sow −1 , with a 241-min mean duration of daily activity in their study. On this basis, the difference in the energy cost for standing activity between diets L and H would represent approximately 1 MJ of ME/d, which corresponds to approximately 4% of the total energy requirement (Noblet et al., 1990) .
A positive correlation was found between standing and nonfeeding oral activities, in agreement with the observations of Cariolet and Dantzer (1984) . In tethered sows, Cronin et al. (1986) reported an increase in heat production concomitant with increased stereotyped activity, which resulted in a lower retention of energy over pregnancy. This could explain the higher weight gain of the sows fed the H diet over the 3-wk period. However, this increased weight gain might also be related to a greater gut fill or to an increase in the development of the gastrointestinal tract in connection with the high level of fiber (Stanogias and Pearce, 1985) . The higher daily supply and water-holding capacity of the high-fiber diet could also play a role in that phenomenon.
As already found by Robert et al. (1993) and Brouns et al. (1994) , the occurrence of nonfeeding oral activities was reduced when sows were fed a highfiber diet. Self-directed behaviors were the main category of nonfeeding oral activities that occurred in the present study. Such behaviors have been reported to be a characteristic of high-parity sows, whereas environmentally directed behaviors are more frequent in young sows (Stolba et al., 1983 ). These oral activities around feeding time have been related to a persistent feeding motivation in connection with an insufficient amount of feed or energy to induce satiety and(or) with a frustration of feeding/foraging behavior (Rushen, 1985; Lawrence et al., 1988; Terlouw et al., 1991; Rushen et al., 1993) . During the hour following the distribution of the meal, the effect of the high-fiber diet remained significant on nonfeeding oral activities when these behaviors were expressed according to the time available after the end of the meal. Sows masticated the high-fiber diet more than the low-fiber diet, and total oral activity (feeding + nonfeeding) was not affected by diets. These results suggest that the limited oral stimulation during the meal for sows fed the low-fiber diet would be replaced by oral behavior directed toward the environment and(or) self-directed. In feed-restricted sows, Dailey and McGlone (1997) found no differences in combined oral/nasal/facial frequency or duration of these behaviors between sows housed indoors and those outdoors. Redirected behaviors exhibited in a situation of thwarted motivation, such as feeding motivation during feed restriction, are often described as stereotypies, which could have a compensatory function (Dantzer, 1986) . Lawrence and Terlouw (1993) suggested that feeding motivation may be channeled into oral stereotypies related partly to limited feed supply. These behaviors may be a means of maintaining feeding-related activities in the absence of sufficient incentive stimuli. Their nature depends on the available substrate for rooting or chewing, such as pen components (Rushen, 1984) and straw (Spoolder et al., 1995) or grass for sows housed outdoors (Dailey and McGlone, 1997) . In the latter case, this substrate can provide a supplementary source of fiber. In our study, wood shavings were generally ignored by sows, and effects of treatment can only be attributed to the diet supplied. As pointed out by Vieuille-Thomas et al. (1995) , the tendency to define oral activities as "abnormal" in a confined housing system and as more normal in a seminatural environment could be irrelevant. The cause and function of redirected oral activities are still matters for debate (Dantzer, 1986; Mason, 1991) . Generally, the nonfeeding oral activity mainly occurred in the postfeeding period (Rushen, 1985) . The high frequency of oral activities observed in the present study before the feeding period could be related to the fact that the nonexperimental sows in the same building, although they were not in the same room, were fed 1 h earlier. Behavioral habits developed by sows during previous parities are likely to explain this discrepancy. In pregnant sows housed indoors, McGlone and Fullwood (1996) showed the effect of the rearing environment during development on the response of animals to high-fiber diets. Behavioral differences between sows fed the experimental diets were still significant 4 and 23 h after feeding. This suggests the persistence of feeding motivation when the fiber level or the amount of feed is limited.
A high-fiber diet increased the time spent eating, in agreement with previous results (Robert et al., 1993; Brouns et al., 1994) . The fiber level also affected the sows' eating rate. The sows ingested the low-fiber diet at 120 g/min, in agreement with values already reported in pregnant sows (Terlouw et al., 1991; Spoolder et al., 1995) . In contrast, the eating rate was lower in sows fed the H diet and was close to the value measured for lactating sows with ad libitum access to feed (90 g/min) by Dourmad (1993) . During the feeding test, similar differences were observed among the three experimental diets, but the values were higher whatever the diet. This result could be linked to a lower eating rate at the end of the meal, when the sows had to collect the last pellets. It could also reflect a higher feeding motivation during the initial stage of the meal, as reported by Wiepkema (1971) . The eating rate remained constant over the experimental period, in contrast to results obtained by Terlouw et al. (1991) and Spoolder et al. (1995) , who observed that restrictively fed gilts increased their rate of feeding between the beginning and the end of pregnancy. A strong animal effect was noted, suggesting that this criterion could reflect individual behavioral characteristics that are independent of the diet. When comparing a high level of unmolassed sugar beet diet and a barley-based diet, Brouns et al. (1997) demonstrated both immediate and long-term effects on eating speed due to organoleptic, physical, and metabolic processes during digestion. Brouns et al. (1997) suggested that a diet high in sugar beet pulp caused a rapid feeling of satiety that disappeared gradually as digestion continued. In young females aged 4 to 6 mo (40 to 60 kg), Lepionka et al. (1997) showed a short-term effect of gastric distension on meal duration and rate of feed intake. Sows from the present study exhibited some difficulty in consuming the H diet, which was slowly masticated before ingestion, and the mastication: prehension ratio was lower when sows were fed the L diet (.33) than when they were fed the M (.65) or H diet (1.25). Properties of the fibrous components such as their water-holding capacity, physical bulk, and chemical composition may be involved in this result. Thus, eating rate may not be a relevant measure of feeding motivation when the feed composition changes, as already pointed out by Martin and Edwards (1994) .
The fiber level had no effect on daily water intake, although sows fed the L diet tended to drink more. Whatever the experimental diet, water consumption was within the range of normal values for pregnant sows: between 10 and 15 L/d (AFRC, 1990). Robert et al. (1993) obtained similar values in sows fed bulky, high-fiber diets but reported excessive drinking in sows fed a low-fiber diet (more than 25 L/d). Such adjunctive drinking has been related to a persistence of feeding motivation (Rushen, 1984) . The lack of significant differences in the present study could be related to the large variability among individuals, especially those fed the low-fiber diet. Such variations were described in previous studies but their cause remained unclear (Madec et al., 1986; Klopfenstein et al., 1996) .
In the present study, the experimental diets were formulated to provide various fibrous components, sugar beet pulp being the major one. From investigations carried out on the suitability of different fibrous ingredients in diets for sows, Brouns et al. (1995) concluded that allowing ad libitum access to a diet high in sugar beet pulp (580 to 650 g/kg) could give an acceptable level of energy intake without causing excessive weight gain. A beneficial effect on feeding motivation has been shown by Brouns et al. (1994) when group-housed gilts were fed 2.3 kg/d of a diet containing a high level of sugar beet pulp (21% crude fiber).
Implications
Multiparous sows fed a high-fiber diet required more time to consume their daily feed ration, were quieter, and exhibited fewer nonfeeding oral behaviors. The effects appeared after the meal whatever the pregnancy stage and were more marked with a level above 12% crude fiber. Investigations over 24 h and for entire and successive parities are still needed. Nevertheless, fibrous diets might reduce apparent feeding motivation in restrictively fed sows. This is generally assumed to be associated with improved welfare but remains to be confirmed. Technical and environmental consequences of feeding such diets also should be evaluated.
